Nonintrusive, off-body flow barometry in Mach-2 airflow has been demonstrated in a large-scale supersonic wind tunnel using seedless laser-induced thermal acoustics (LITA). The static pressure of the gas flow is determined with a novel differential absorption measurement of the ultrasonic sound produced by the LITA pump process.
subsonic flows. Additionally, practical pressure measurements with LITA have not yet been demonstrated in any speed region. A pressure diagnostic 8 has been demonstrated in NO 2 -seeded still air, but only over the 300-4000 kPa range (3-40 atm) . These large pressures are not common in supersonic wind tunnels, where pressures of 0.1-100 kPa are more typical. The method of Ref. 8 is not practicable for pressures < 100 kPa, because sound absorption is greatly increased at lower pressures.
In the present work, remote, non-contact, non-spectroscopic pressure measurements are demonstrated in 10-kPa airflow by extending seedless LITA velocimetry into the Mach 2 supersonic regime. This pressure measurement is possible because of the supersonic nature of the flow and is based on a novel differential absorption measurement (described below) of the laser-induced ultrasonic wave. Along with pressure, temperature and velocity are also determined from the raw LITA data, thus a simultaneous velocity, temperature and pressure measurement is presented here.
In nonresonant LITA, two crossed beams from a 10-nsec pump laser create two counter propagating acoustic plane wave packets in the medium by electrostriction.
Illumination of these traveling wave packets (i.e., density gratings) with a second probe laser, at frequency Ω L , generates a Bragg-diffracted signal beam that consists of two overlapped and co propagating components that are spectrally distinct. These two components are distinguished by their different Doppler shifts ± Δω determined by the counter propagating geometry of the two acoustic wave packets. The beating together of the two separate components, at frequencies Ω L ± Δω, produces a modulation of this Bragg-diffracted signal beam at frequency 2 Δω. If the sound wave reciprocal wavelength is Δk (i.e., wave vector difference of the two pump beams), the two Doppler shifts are Δω = Δk • (±V S ), where ±V S are the velocities of the two counter propagating wave packets and |±V S | = the speed of sound (bold-faced quantities denote vectors).
Measurement of the beat frequency 2 Δω, with the known grating wavelength 1/Δk, yields the sound speed. If the mass composition of the fluid is known, translational temperature T is also determined since T ∝ V S 2 . If the medium is in motion at velocity V F (assumed to be parallel to Δk and V S ) the frequencies of the signal beam are shifted to presented here, the LITA signal strengths were reduced due to the low air densities of 0.1 amagat, and the signal-to-noise (SNR) ratio was poor. Thus, signal averaging over 500 laser pulses (30 Hz) was used in the present low-density work.
Pressure is related to amplitude information and is more difficult to measure than temperature or velocity (both depend on temporal information). Diffracted LITA signal strengths scale with the intensity of the sound packets, which exhibits a pressure- We thank M. T. Fletcher for help with the LITA setup at the UPWT. 
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